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(54) Multiple-wavelength light source and method of controlling oscillation frequencies thereof 



(57) A multiple-wavelength light source has a plural- 
ity of semiconductor laser devices, a plurality of optical 
waveguides for leading laser beams from the semicon- 
ductor laser devices to respective desired paths, and a 
plurality of diffraction gratings as external cavities for the 
semiconductor laser devices. The multiple-wavelength 
light source can output laser beams of respective wave- 
lengths determined by structural details of the diffraction 
gratings. The multiple-wavelength light source also has 
an optical combiner for multiplexing the laser beams 
from the semiconductor laser devices into a laser beam, 
an optical wavelength rnultiplexer/demurtiplexer for 
demultiplexing the laser beam from the optical combiner 



into a plurality of laser beams of respective desired 
wavelengths, and outputting the laser beams, a plurality 
of photodetectors for detecting the laser beams from the 
optical wavelength multiplexer/demultiplexer and out- 
putting voltages depending on respective detected laser 
beam power levels, a plurality of heaters disposed near 
the diffraction gratings for varying temperatures of the 
diffraction gratings, and a heater current control circuit 
for supplying currents to the heaters for maximizing the 
output voltages from the photodetectors. Oscillation 
wavelengths can be finely adjusted to increase the yield 
of fabricated devices. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0001] The present invention relates to a multiple- 
wavelength light source for use as a light source for a 
wavelengtrHiivisbn-rmittiplexing (WDM) optical com- 
munication system, and a method of controlling oscilla- 
tion frequencies of such a muftiple-wavelength light 
source 

2. Description of the Related Art: 

[0002] Heretofore, one conventional multiple-wave- 
length light source lor use as a light source for a WDM 
optical communication system comprises a multiple- 
wavelength semiconductor laser as shown in FIG. 1 of 
the accompanying drawings. 

[0003] The conventional multiple-wavelength semi- 
conductor laser, which has been reported by Tanaka et 
a!, in collected preprints for Electronic Communications 
Society General Conference, 1997. C-3-160, has four 
spot size converter integrated lasers (hereinafter 
referred to as "SS-LD"), four optical waveguides (PLC: 
Planar Lightwave Circuits) of silica, and diffraction grat- 
ings produced by UV photolithography, all integ'ated on 
an Si substrate. It has been confirmed that the conven- 
tional multiple-wavelength semiconductor laser per- 
forms simultaneous oscillation at four wavelengths in a 
single mode. 

[0004] More specifically, as shown in FIG. 1, the 
conventional multipl e-wavel ength semiconductor laser 
comprises four SS-LDs 102 for emitting laser beams 
having respective oscillation wavelengths, four optical 
waveguides 103 for leading the laser beams emitted by 
SS-LDs 102 to output end face 105, and four diffraction 
gratings 104 disposed in the respective optical 
waveguides 103 and serving as external cavities for SS- 
LDs 102. SS-LDs 102, optical waveguides 103. and dif- 
fraction gratings 1 04 are integrated on Si substrate 101 . 
Output end face 105 is coated with an antireflection 
coating for minimizing reflection of the laser beams. 
While the conventional multiple-wavelength semicon- 
ductor laser shown in FIG. 1 emits laser beams having 
four oscillation wavelengths X1 - A4, it can produce more 
oscillation wavelengths by adding one or more elemen- 
tal structures in a parallel arrangement. 
[0005] Each of SS-LDs 102 has a tapered 
waveguide for narrowing the radiation angle of the emit- 
ted laser beam thereby to reduce an optical coupling 
loss with optical waveguide 103. Use of SS-LDs 102 is 
effective to lower the cost of the muttipl e-wavel ength 
semiconductor laser because it does not require optical 
lenses for changing the radiation angles of the emitted 
laser beams. 

[0006] Each of cfiffraction gratings 104 is fabricated 



by exposing an SiOg layer (which will become an upper 
cladding layer) above the core of optical waveguide 1 03 
to interference UV radiation. Structural details, including 
a grating pitch and a shape, of cfiffraction cjatings 104 

5 determine the oscillation wavelengths of the laser 
beams output from output end face 105. 
[0007] However, the conventional multiple-wave- 
length semiconductor laser has been problematic in that 
since the oscillation wavelengths of the muttiple-wave- 

w length semiconductor laser are determined by the fabri- 
cation accuracy of the diffraction gratings, the yield of 
fabricated devices is poor if they are to be used as a 
light source for a WDM optical communication system 
because such a light source needs accurate wavelength 

is settings. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the present inven- 

20 tion to provide a multiple-wavelength light source which 
allows oscillation wavelengths to be finely adjusted for 
an increased yield of fabricated devices. 
[0009] To achieve the above object, a multiple- 
wavelength light source in accordance with the present 

25 invention has a plurality of heaters disposed near 
respective diffraction gratings for controlling the temper- 
atures of the diffraction gratings. The temperatures of 
the respective heaters are controlled in a feedback loop 
in order to output maximum optical power levels at 

30 desired wavelengths. At this time, photodetectors out- 
put voltages depending on the optical power levels at 
the desired wavelengths, and a heater current control 
circuit supplies currents to the heaters in order to maxi- 
mize the output voltages from the photodetectors. 

35 [0010] Currents injected into the semiconductor 
laser devices may be modulated with different frequen- 
cies, and modulation frequency components are 
extracted from output signals from the photodetectors 
by electric filters. Currents are supplied to the heaters in 

40 order to maximize voltages of the extracted modulation 
frequency components. 

[0011] In the multiple-wavelength light source, 
when the ambient temperature of the cfiffraction gratings 
is varied by the heaters disposed near the diffraction 

45 gratings, the oscillation frequencies of the semiconduc- 
tor laser devices fluctuate because the refractive index 
of cores of optical waveguides beneath the diffraction 
gratings also varies. By supplying currents to the heat- 
ers in order to maximize the output voltages of the pho- 

50 todetectors, the oscillation frequencies of the 
semiconductor laser devices can accurately be control- 
led at desired frequencies. 

[0012] Currents injected into the semiconductor 
laser devices may be modulated with different frequen- 
55 cies, and modulation frequency components are 
extracted from output signals from the photodetectors 
by electric filters. Currents are supplied to the heaters in 
order to maximize voltages of the extracted modulation 
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frequency components for thereby control fing the oscil- 
lation frequencies of the senvconductor laser devices 
accurately at desired frequencies. 
[0013] The above and other objects, features, and 
advantages of the present invention will become appar- s 
exit from the following descriptions with reference to the 
accompanying drawings which illustrate examples of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS w 
[0014] 

FIG. 1 is a perspective view of a converrtional multi- 
ple-wavelength fight source; is 
FIG. 2 is a schematic plan view of a multiple-wave- 
length fight source according to a first embodiment 
of the present invention; 

FIG. 3 is a schematic plan view of an optical wave- 
length muffiplexer/dernuttiplexer in the multiple- 20 
wavelength light source shown in FIG. 2; and 
FIG. 4 is a schematic plan view of a multiple-wave- 
length fight source according to a second embodi- 
ment of the present invention. 

25 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] In the conventional multiple-wavelength 
semiconductor laser shown in FIG. 1 , when the ambient 30 
temperature varies, the refractive index of the cores of 
the optical waveguides also varies. Therefore, when the 
diffraction gratings operate as external cavities, the 
feedback (reflected) amount of the beam varies 
depending on the wavelength, resulting in a variation in 35 
the oscillation wavelengths. According to the present 
invention, heaters are positioned near the diffraction 
gratings of the conventional multiple-wavelength semi- 
conductor laser for controlling the temperatures of the 
diffraction gratings, and the temperatures of the heaters ao 
are controlled in a feedback loop to output maximum 
optical power at desired wavelengths (X1 - X4). 

1st Embodiment: 

45 

[0016] As shown in FIG. 2, a multiple-wavelength 
light source according to a first embodiment of the 
present invention comprises a plurality of semiconduc- 
tor laser devices 2 for emitting laser beams having 
respective oscillation wavelengths, a plurality of input so 
optical waveguides 3 for leading the laser beams emit- 
ted from semiconductor laser devices 2 to desired 
paths, a plurality of diffraction gratings 4 disposed in the 
input optical waveguides 3 and serving as external cav- 
ities for semiconductor laser devices 2, and a plurality of ss 
heaters 6 disposed near the respective diffraction grat- 
ings 4 for varying the temperatures of diffraction grat- 
ings 4. Semiconductor laser devices 2, input optical 



waveguides 3, diffraction gratings 4, and heaters 6 are 
tfisposed on Si substrate 1 in as many sets as the 
number of desired oscillation wavelengths to be pro- 
duced. Si substrate 1 also supports thereon optical 
combiner 7 for multiplexing laser beams from input opti- 
cal waveguides 3 into a laser beam, optical branching 
circuit 8 for branching a laser beam from optica) com- 
biner 7 into two laser beams, output optica) waveguide 9 
for leading one of the laser beams from optical branch- 
ing circuit 8 to output end face 5. optical wavelength 
muttipl exer/d emultiplexer 1 0 for demultiplexing the other 
one of the laser beams from optical branching circuit 8 
into a plurality of laser beams having respective desired 
wavelengths (X1 - A4), and a plurality of photodetectors 
11 for detecting the laser beams of the respective 
desired wavelengths from optica) wavelength murti- 
plexer/cfemuttiplexer 10 and outputting voltages 
depending on the respective detected power levels of 
the laser beams. The multiple-wavelength light source 
also has heater current control circuit 12 disposed out- 
side of Si substrate 1 for supplying currents to the 
respective heaters 6 for maximizing the output voltages 
from photodetectors 11. 

[0017] Each of semiconductor lasers 2 comprises 
SS-LD, and each of diffraction gratings 4 is patterned oh 
Si substrate 1 by UV radiation. Each of input optical 
waveguides 3, optical branching circuit 8, output optical 
waveguide 9, and optical wavelength multiplexer/demul- 
tiplexer 10 comprises a PLC. While the multiple-wave- 
length semiconductor laser shewn in FIG. 2 emits laser 
beams having four oscillation wavelengths M - A4, it 
can produce more oscillation wavelengths by adding 
one or more elemental structures in a parallel arrange- 
ment Heater current control circuit 12 may be inte- 
grated on Si substrate 1 . 

[0018] Semiconductor lasers 2 emit respective 
laser beams having respective oscillation wavelengths 
determined by the respective diffraction gratings 4 
which serve as external cavities for semiconductor 
lasers 2. The laser beams emitted from semiconductor 
lasers 2 are let by input optical waveguide 3 to optical 
combiner 7, which combines the laser beams into a sin- 
gle laser beam. 

[0019] The laser beam including the oscillation 
wavelengths combined by optical combiner 7 is 
branched into two laser beams by optical branching cir- 
cuit 8. One of the laser beams is led to output end face 
5 by output optical waveguide 9, and the other laser 
beam is demultiplexed into a plurality of laser beams 
having respective oscillation wavelengths X1 - X4 by 
optical wavelength multiplexer/demultiplexer 10. 
[0020] As shown in FIG. 3, optical wavelength mul- 
tiplexer/demultiplexer 10 comprises input channel 
waveguide 13, first fan-shaped slab waveguide 14 con- 
nected to input channel waveguide 13, array waveguide 
diffraction grating 17 comprising a plurality of channel 
waveguides 16 connected perpendicularly to diffracting 
surface 15 of first fan-shaped slab waveguide 14 and 
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having predetermined wavelength length differences, 
second fan-shaped slab waveguide 18 connected to 
array waveguide diffraction grating 17, and a plurafity of 
output channel waveguides 19 connected to second 
fan-shaped slab waveguide 1a 
[0021] A laser beam input from input channel 
waveguide 13 is spread by a dffracting action of first 
fan-shaped slab waveguide 14 and led to array 
waveguide diffraction gating 1 7 connected perpendicu- 
larly to diffracting surface 15 of first fan-shaped slab 
waveguide 14. The laser beam is then introduced into 
channel waveguides 16 of the array waveguide diffrac- 
tion grating 17 and is propagated through channel 
waveguides 16 to second fan-shaped slab waveguide 
18. 

[0022] The laser beams introduced into respective 
channel waveguides 16 are given phase differences 
depending on the wavelength length differences 
between channel waveguides 16. After these laser 
beams have interfered with each other in second fan- 
shaped slab waveguide 18, they are applied to output 
channel waveguides 19. Since the laser beams are dis- 
persed by the phase differences given by array 
waveguide diffraction grating 17, the laser beams of dif- 
ferent wavelengths are applied to the respective output 
channel waveguides 19. Therefore, optical wavelength 
multiplexer/demultiplexer 10 is capable of demultiplex- 
ing the input laser beam into a plurality of laser beams 
at desired wavelength intervals. 
[0023] The laser beams demultiplexed by optical 
wavelength rruirtiplexer/dernuftiplexer 10 are then 
applied to photodetectors 11, which output voltages 
depending on the detected power levels of the laser 
beams. The output voltages from photodetectors 1 1 are 
supplied to heater current control circuit 12, which sup- 
plies currents to the respective heaters 6 in order to 
maximize the output voltages of photodetectors 1 1 . 
[0024] Since semiconductor laser devices 2 are 
accurately controlled so as to oscillate for maximum 
optical power levels at the desired wavelengths, the fab- 
rication accuracy of diffraction gratings 4 can be low- 
ered. As a result, the yield of fabricated devices for use 
as a light source for a WDM optical cornmunication sys- 
tem can be increased. 

[0025] For the purpose of controlling the tempera- 
tures of diffraction gratings 4, it may be possible to con- 
trol the temperature of Si substrate 1 in its entirety. With 
such a temperature control arrangement, however, the 
temperatures of diffraction gratings 4 cannot individually 
be controlled for the respective wavelengths, and hence 
the accuracy of the oscillation wavelengths of semicon- 
ductor laser devices 2 is unduly reduced. Furthermore, 
since Si0 2 of diffraction gratings 4 generally has poor 
thermal conductivity, any change in the oscillation wave- 
lengths caused by this temperature control arrange- 
ment is small , resulting in poor temperature 
controllability. 



2nd Emtxxfmerrt: 

[0026] As shown in FIG. 4, a multiple-wavelength 
light source according to a second embodiment com- 

5 prises a plurality of semiconductor laser devices 22 for 
emitting laser beams having respective oscillation 
wavelengths, a plurality of input optical waveguides 23 
for leacfing the laser beams emitted from semiconductor 
laser devices 22 to desired paths, a plurality of diffrac- 

w tfon gratings 24 disposed in the input optical 
waveguides 23 and serving as external cavities for sem- 
iconductor laser devices 22, and a plurality of heaters 
26 disposed near the respective diffraction gratings 24 
for varying the temperatures of diffraction gratings 24. 

is SemrcorxAjctor laser devices 22, input optical 
waveguides 23. diffraction gratings 24, and heaters 26 
are disposed on Si substrate 21 in as many sets as the 
number of desired oscillation wavelengths to be pro- 
duced. 

20 [0027] Si substrate 21 also supports thereon optical 
wavelength muttiplexer/demuttiplexer 30 for multiplexing 
laser beams from input optical waveguides 23, first opti- 
cal branching circuit 27 for branching a laser beam from 
optical wavelength multiplexer/demultiplexer 30 into two 

25 laser beams, output optical waveguide 29 for leading 
one of the laser beams from first optical branching cir- 
cuit 27 to output end face 25, second optical branching 
circuit 28 for branching the other laser beam from first 
optical branching circuit 27 into as many laser beams as 

30 the number of desired oscillation wavelengths, wave- 
length filter 33 for passing only the laser beams of the 
desired oscillation wavelengths (X1 - 7A) among the 
laser beams output from second optical branching cir- 
cuit 28, and a plurality of photodetectors 31 for detecting 

35 the laser beams output from wavelength filter 33 and 
outputting voltages depending on the respective 
detected power levels of the laser beams. The multiple- 
wavelength light source also has heater current control 
circuit 32 disposed outside of Si substrate 1 for supply- 

40 ing currents to the respective heaters 26 for maximizing 
the output voltages from photodetectors 31 . 
[0028] Each of semiconductor lasers 22 comprises 
SS-LD, and each of cfiffraction gratings 24 is patterned 
on Si substrate 1 by UV radiation. Each of input optical 

45 waveguides 23, optical wavelength rrtultiplexer/dernulti- 
plexer 30, first optical branching circuit 27, second opti- 
cal branching circuit 28, and output optical waveguide 
29 comprises a PLC. Optical wavelength multi- 
plexerAJemuftplexer 30 is identical to optical wavelength 

so rmjltiplexer/demultiplexer 10 shown in FIG. 3. 

[0029] In the second embodiment, a plurality of 
laser beams having different wavelengths are supplied 
to optical wavelength muttiplexer/demuttiplexer 30 via 
output channel waveguides 19, and input channel 

55 waveguide 13 outputs a multiplexed laser beam. While 
the multiple-wavelength semiconductor laser shown in 
FIG. 4 emits laser beams having four oscillation wave- 
lengths A,1 - M, it can produce more oscillation wave- 
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lengths by adding one or more elemental structures in a 
parafld arrangement Heater current control droit 32 
may be integrated on Si substrate 21. 
[0030] Laser beams emitted from semiconductor 
laser devices 22 are multiplexed into a single laser s 
beam by optical wavelength rmiltiplexer/demurtiplexer 

30 which causes a small loss, and the laser beam from 
optical wavelength nruitiplexer/dernuttiplexer 30 is 
branched into two laser beams by first optical branching 
circuit 27. One of the laser beams from first optical 10 
branching circuit 27 is led to output end face 25 by out- 
put optical waveguide 29, and the other laser beam is 
branched into as many laser beams as the number of 
desired oscillation wavelengths by second optical 
branching circuit 28. Wavelength filter 33 then extracts is 
laser beams of the desired escalation wavelengths. In 
the second embodiment the output laser beams from 
wavelength filter 33 are detected by photodetectors 31, 
and the currents supplied to heaters 26 are controlled 

by heater current control circuit 32 in order to maximize 20 
the output voltages from photodetectors 31 . In this man- 
ner, the oscillation wavelengths of semiconductor laser 
devices 22 can accurately be controlled at desired 
wavelengths. 

[0031] In FIG. 4, the output laser beams from sec- 25 
ond optical branching circuit 28 are passed through 
wavelength fitter 33, and the output laser beams from 
wavelength filter 33 are detected by photodetectors 31 . 
However, the output laser beams from second optical 
branching circuit 28 may be detected directly by photo- 30 
detectors 31. In this modification, since photodetectors 

31 output only voltages depending on the detected 
power level of the multiplexed laser beam, it is not pos- 
sible to detect optical power levels corresponding to the 
laser beams from the respective serroconductor laser 35 
devices 22. To avoid such a shortcoming, a non-illus- 
trated frequency modulating circuit is added to modu- 
late currents injected into semiconductor laser devices 

22 with low frequencies which differ from laser beam to 
laser beam, and electric filters are provided behind the ao 
photodetectors tor passing only modulation frequency 
components. The electric filters are thus capable of out- 
putting the modulation frequency components which 
correspond to the optical power levels of semiconductor 
laser devices 22. By controlling the currents supplied as 
from heater current control circuit 32 to heaters 26 in 
order to maximize the output voltages from the electric 
filters, the oscillation wavelengths of semiconductor 
laser devices 22 can accurately be controlled at desired 
wavelengths. so 
[0032] The multiple-wavelength Bght source 
according to the first embodiment outputs the laser 
beams emitted from serrronductor laser devices 2 via 
optical combiner 7 and optical branching circuit 8. 
Therefore, the optical power levels of the laser beams ss 
suffer a loss caused by optical combiner 7 arid optical 
branching circuit 8. 

[0033] However, the multiple-wavelength light 



source according to the second embodiment outputs 
the laser beams emitted from semiconductor laser 
devices 22 after they have been multiplexed by optical 
wavelength nrutt^exerAJemuttiplexer 30 with a small 
loss, via only first optical branching circuit 27. Therefore, 
any loss in the power levels of the laser beams is 
reduced by an amount commensurate with the loss 
caused by optical combiner 7 according to the first 
embodiment Consequently, the currents supplied to 
energize semiconductor laser devices 22 may be 
smaller than those required to energize semiconductor 
laser devices 2 in the first embodiment so that the cur- 
rent consumed by the multiple-wavelength light source 
according to the second embodiment can be reduced. 
[0034] While preferred embodiments of the present 
invention have been described using specific terms, 
such description is for illustrative purposes only, and it is 
to be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 

Claims 

1 . A multiple-wavelength light source comprising: 

a plurality of semiconductor laser devices; 
a plurality of optical waveguides for leading 
laser beams emitted from said semiconductor 
laser devices to respective desired paths; 
a plurality of diffraction gratings disposed in 
said optical waveguides, respectively, and 
serving as external cavities for said semicon- 
ductor laser devices, whereby laser beams 
having respective wavelengths determined by 
structural details of said diffraction gratings can 
be output; 

an optical combiner for multiplexing the laser 
beams emitted from said semiconductor laser 
devices into a laser beam; 
an optical wavelength mult^lexer/demultiplexer 
for demultiplexing the laser beam from the opti- 
cal combiner into a plurality of laser beams 
having respective desired wavelengths, and 
outputting the laser beams; 
a photodetector for detecting the laser beams 
from said optical wavelength multi- 
plexer/demultiplexer and outputting voltages 
depending on respective detected power levels 
of the laser beams; 

a plurality of heaters disposed near said diffrac- 
tion gratings, respectively, for varying tempera- 
tures of said diffraction gratings; and 
a heater current control circuit for supplying 
currents to said heaters, respectively, for maxi- 
mizing the output voltages from said photode- 
tectors. 

2. The multiple-wavelength light source according to 
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claim 1, further comprising a common substrate, 
said semiconductor laser devices, said optica) 
waveguides, said diffraction gratings, said optical 
combiner, said optica) wavelength mufti- 
plexer/demuttiplexer, said prtotodetectors, and said 5 
heaters being disposed on said common substrata 

3. The multiple-wavelength fight source according to 
claim 1, wherein said optical wavelength mufti- 
plexerydemuttiplexer comprises optical waveguides 10 
of silica induing: 

an input channel waveguide; 
a first fan-shaped slab waveguide connected to 
said input channel waveguide; 15 
an array waveguide diffraction grating compris- 
ing a plurality of channel waveguides con- 
nected perpendicularly to a di f f rac tin g surface 
of said first fan-shaped slab waveguide and 
having predetermined wavelength length differ- 20 
ences; 

a second fan-shaped slab waveguide con- 
nected to said array waveguide diffraction grat- 
ing; and 

a plurality of output channel waveguides con- 25 
nected to said second fan-shaped slab 
waveguide. 

4. A multiple-wavelength light source comprising: 

30 

a plurality of semiconductor laser devices; 
a plurality of optical waveguides for leading 
laser beams emitted from said semiconductor 
laser devices to respective desired paths; 
a plurality of diffraction gratings cfisposed in as 
said optical waveguides, respectively, and 
serving as external cavities for said semicon- 
ductor laser devices, whereby laser beams 
having respective wavelengths determined by 
structural details of said diffraction gratings can 40 
be output; 

an optical wavelength multiplexer/demultiplexer 
for multiplexing the laser beams emitted from 
said semiconductor laser devices into a laser 
beam; as 
an optical branching circuit for branching the 
laser beam from said optical wavelength multi- 
plexer/demultiplexer into as many laser beams 
as the number of desired wavelengths; 
a wavelength fitter for extracting laser beams of so 
desired- wavelengths from the laser beams 
from said optical branching circuit; 
a photodetector for detecting the laser beams 
from said wavelength filter and outputting volt- 
ages depending on respective detected power ss 
levels of the laser beams; 
a plurality of heaters disposed near said diffrac- 
tion gratings, respectively, for varying tempera- 



tures of said diffraction gratings; and 
a heater current control circuit for supplying 
currents to said heaters, respectively, for maxi- 
mizing the output voftages from said photode- 
tectors. 

5. The muttiple- wavelength light source according to 
claim 4, further comprising a common substrate, 
said semiconductor laser devices, said optical 
waveguides, said diffraction gratings, said optical 
wavelength multiplexer/demultiplexer, said wave- 
length filter, said photodetectors, and said heaters 
being disposed on said common substrata 

6. The multiple-wavelength light source according to 
claim 4, wherein said optical wavelength rrtutti- 
plexer/demurtiplexer comprises optical waveguides 
of silica including: 

an input channel waveguide; 
a first fan-shaped slab waveguide connected to 
said input channel waveguide; 
an array waveguide diffraction grating compris- 
ing a plurality of channel waveguides con- 
nected perpendicularly to a diffracting surface 
of said first fan-shaped slab waveguide and 
having predetermined wavelength length differ- 
ences; 

a second fan-shaped slab waveguide con- 
nected to said array waveguide diffraction grat- 
ing; and 

a plurality of output channel waveguides con- 
nected to said second fan-shaped slab 
waveguide. 

7. A multiple-wavelength light source comprising: 

a plurality of semiconductor laser devices; 
a plurality of optical waveguides for leading 
laser beams emitted from said semiconductor 
laser devices to respective desired paths; 
a plurality of diffraction gratings disposed in 
said optical waveguides, respectively, and 
serving as external vavrties for said semicon- 
ductor laser devices, whereby laser beams 
having respective wavelengths determined by 
structural details of said diffraction gratings can 
be output; 

a frequency modulating circuit for modulating 

currents injected into said semiconductor laser 

devices with different frequencies; 

an optical wavelength multiplexer/demultiplexer 

for multiplexing the laser beams emitted from 

said semiconductor laser devices into a laser 

beam; 

an optical branching circuit for branching the 
laser beam from said optical wavelength multi- 
plexer/demultiplexer into as many laser beams 
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as the number of desired wavelengths; 
a photodetector for detecting the laser beams 
from said optica] branching circuit and output- 
ting voltages depending on respective detected 
power levels of the laser beams; . s 

a plurality of electric fitters for extracting modu- 
lation frequency components from the output 
voltages from said photodetectors; 
a plurality of heaters disposed near said diffrac- 
tion gratings, respectively, for varying tempera- 10 
tures of said diffraction gratings; and 
a heater current control circuit for supplying 
currents to said heaters, respectively, for maxi- 
mizing the output voltages from said photode- 
tectors. 15 

8. The multiple-wavelength light source according to 
claim 7, further comprising a common substrate, 
said semiconductor laser devices, said optical 
waveguides, said diffraction gratings, said fre- 20 
quency modulating circuit said optical wavelength 
multiplexer/demultiplexer, said optical branching 
circuit said photodetectors, said electric filters, and 
said heaters being disposed on said common sub- 
strate. 25 

9. The multiple-wavelength light source according to 
claim 7, wherein said optical wavelength multi- 
plexer/demultiplexer comprises optical waveguides 

of silica including: 30 

an input channel waveguide; 
a first fan-shaped slab waveguide connected to 
said input channel waveguide; 
an array waveguide diffraction grating compris- 35 
ing a plurality of channel waveguides con- 
nected perpendicularly to a diffracting surface 
of said first fan-shaped slab waveguide and 
having predetermined wavelength length differ- 
ences; 40 
a second fan-shaped slab waveguide con- 
nected to said array waveguide diffraction grat- 
ing; and 

a plurality of output channel waveguides con- 
nected to said second fan-shaped slab 45 
waveguide. 

10. A method of controlling oscillation frequencies of a 
multiple-wavelength light source to control oscilla- 
tion wavelengths thereof, said multiple-wavelength so 
light source comprising: 

a plurality of semiconductor laser devices; 
a plurality of optical waveguides for leading 
laser beams emitted from said semiconductor 55 
laser devices to respective desired paths; 
a plurality of diffraction gratings disposed in 
said optical waveguides, respectively, and 



serving as external cavities for said semicon- 
ductor laser devices, whereby laser beams 
having respective wavelengths determined by 
structural details of said diffraction gratings can 
be output; 

said method comprising the steps of: 

providing a plurality of heaters disposed near 
said diffraction gratings, respectively, for vary- 
ing temperatures of said diffraction gratings; 
multiplexing the laser beams emitted from said 
semiconductor laser devices into a laser beam; 
demultiplexing the laser beam into a plurality of 
laser beams having desired wavelengths; 
detecting the demultiplexed laser beams and 
outputting voltages depending on detected 
power levels of the laser beams; and 
supplying currents to said heaters, respec- 
tively, in order to maximize said voltages. 

11. A method of controlling oscillation frequencies of a 
multiple-wavelength light source to control oscilla- 
tion wavelengths thereof, said multiple-wavelength 
light source comprising: 

a plurality of semiconductor laser devices; 
a plurality of optical waveguides for leading 
laser beams emitted from said semiconductor 
laser devices to respective desired paths; 
a plurality of diffraction gratings disposed in 
said optical waveguides, respectively, and 
serving as external cavities for said semicon- 
ductor laser devices, whereby laser beams 
having respective wavelengths determined by 
structural details of said diffraction gratings can 
be output; 

said method comprising the steps of: 

providing a plurality of heaters disposed near 
said diffraction gratings, respectively, for vary- 
ing temperatures of said diffraction gratings; 
multiplexing the laser beams emitted from said 
semiconductor laser devices into a laser beam; 
branching the laser beam into as many laser 
beams as the number of desired wavelengths; 
extracting laser beams of desired wavelengths 
from the divided laser beams; 
detecting the extracted laser beams and out- 
putting voltages depending on detected power 
levels of the laser beams; and 
supplying currents to said heaters, respec- 
tively, in order to maximize said voltages. 

12. A method of controlling oscillation frequencies of a 
multiple-wavelength light source to control oscilla- 
tion wavelengths thereof, said multiple-wavelength 
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fight source conpristng: 

a plurality of semiconductor laser devices; 
a plurality of optica) waveguides for leading 
laser beams emitted from said serriiconductor s 
. laser devices to respective desired paths; 
a plurality of diffraction gratings disposed in 
said optical waveguides, respectively, and 
serving as external cavities for said semicon- 
ductor laser devices, whereby laser beams w 
having respective wavelengths determined by 
structural details of said diffraction gratings can 
be output; 

said method comprising the steps of: is 

providing a plurality of heaters disposed near 
said diffraction gratings, respectively, for vary- 
ing temperatures of said diffraction gratings; 
modulating currents injected into said semicon- 20 
ductor laser devices with different frequencies; 
multiplexing the laser beams emitted from said 
serrwx>nauctor laser devices into a laser beam; 
branching the laser beam into as many laser 
beams as the number of desired wavelengths; 25 
outputting signals depending on detected 
power levels from the branched laser beams; 
extracting modulation frequency components 
from said signals; and 

supplying currents to said heaters, respec- 30 
tively, in order to maximize voltages of the 
extracted modulation frequency components. 
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